Abstract
Introduction 36 37
Deforestation has both biogeochemical and biogeophysical influences on the climate: besides 38 releasing carbon from land to the atmosphere (a biogeochemical effect), deforestation also has 39 biogeophysical effects such as changes in land surface albedo, surface roughness, surface energy 40 fluxes, and cloud cover (Betts et al., 1996; Govindasamy et al., 2001; Betts 2001; Brovkin et al., 41 1999; Feddema et al., 2005; Brovkin et al., 2006; Bala et al., 2007; Bonan, 2008; Brovkin et al., 
Experiments 146 147
We first performed a long simulation with prescribed climatological sea surface temperatures
148
(SST) and a round number of present day CO 2 concentration of 400 ppm to calculate the implied 149 ocean heat transport which is needed to use CAM2 in slab ocean configuration. For this 150 climatological-SST simulation, we used a soil carbon spin up factor of 40 and ran the model until 151 biomass and soil carbon reached quasi equilibrium. A soil carbon drift of less than 0.1 Gt-C per 152 year is used to define the quasi equilibrium state. The implied ocean heat transport is calculated 153 after soil carbon reached equilibrium. Then, we used this spun-up state of the biosphere model in 154 a 200 year mixed layer simulation until the soil carbon again reached quasi equilibrium. From 155 this state, we performed two 1000-year mixed layer simulations as described below.
156
PFTs are allowed to exist for the subsequent 900 years. By 100 years, majority of the biomass 163 would be transferred to the litter pool and hence we choose this time scale for the deforested 164 period. We choose 900 years for the re-growth period because that is the time it took for the 165 coupled vegetation-climate system in this model to reach a quasi equilibrium state. The climate 166 statistics presented below are the averaged values over the last 100 years of model simulations.
167
The statistical significance here is tested using the student t-test with correction for lag-1 168 autocorrelation (Zwiers and von Storch, 1995) .
170
Since our model is not a comprehensive earth system model with deep-ocean and ocean carbon 171 cycle, we do not have the formulation for tracking the carbon and accounting for the carbon 172 budget in this study. We have prescribed atmospheric CO 2 at a constant level (400 ppm) 173 throughout the simulation period and hence it serves as an infinite reservoir for carbon for the 174 terrestrial biosphere. In effect, we account for feedbacks due to biophysical effect of land cover 175 change (e.g. albedo, evapotranspiration, roughness length changes) but omit the biogeochemical 176 change since atmospheric CO 2 does not vary in response to land cover change. 
Results

180
The temporal evolution of annual land mean key climate and terrestrial carbon cycle variables is 181 shown in Figure 1 . In response to the instantaneous deforestation in LCC simulation, the land 182 surface temperature decreases by 3 K (1.7K over globe) averaged over the first 100 years and 183 land mean precipitation decreases by 14.4% (3.7 % over globe). However, the time series of carbon cycle variables specifically the carbon stocks ( Fig. 1c-d (Fig. 1e) . The "step-like" behavior of NPP at year 100 is due to "step-like" increase in gross 206 primary productivity since tree PFTs have higher LAI than grasses and shrubs. We used an 207 exponential fit (Eqn. 1, given below) and find that time scale of this rapid evolution is only about 208 2 years. There is also a slow recovery component which has a time scale of about 600 years.
209
There is no succession dynamics in the model and NPP is mainly dependent on the biomass in 210 leaves which has a time scale of 2 years in our model. We find that the time scale of slow 211 component is dictated by the recovery of NPP in high latitudes which is similar to the vegetation 212 fraction dynamics there as discussed below (Fig.2) . immediately following re-growth of forests (Fig. 1f) . The sharp decline of NEE by 18 Gt-C 218 immediately after deforestation is mainly due to the sharp decline in NPP. The subsequent 219 increase in NEE is mainly due to decrease in soil respiration (Fig. 1g) . Re-growth of forests at 220 year 100 leads to a jump in NEE because of the step-function-like increase in NPP.
221
Subsequently, increase in soil respiration leads to the decline in NEE to control simulation levels.
222
The time scale of NEE recovery is about 100 years which is primarily dictated by the 223 decomposition time scale of dead stem biomass in the litter pool (Fig. 1h) .
224
After deforestation, there is a large decline of about 800 Gt-C in biomass (Fig. 1c) . Soil carbon 226 increases( Fig.1d ) by only about 120 Gt-C during this period because most of the dead biomass is 227 transferred to the litter pool which transfers only a fraction to soil carbon pool and the rest 228 decomposes from the litter pool. When forests are allowed to re-grow, there is a rapid recovery 229 in biomass; it increases from less than 100 Gt-C to more than 800 Gt-C within 100 years. After 230 this period, it asymptotically reaches the control simulation after several centuries. Soil carbon 231 stock also shows a rapid recovery but it has about 20 Gt-C more than control even after 900 232 years of re-growth. It should be noted that there is no conservation of total carbon stock (biomass 233 plus soil carbon) in this study because atmospheric CO 2 is prescribed, providing an infinite 234 reservoir for carbon to the terrestrial biosphere.
236
The differences in annual precipitation values over land between the two runs at year 100 after 237 trees allow growing are low (0.3 mm/day, Fig.1b ). However the differences in biomass are large 238 (Fig 1c) . This implies that the moisture recycling due to vegetation changes is very low in this 239 model setup. We also find similar evolution for tropical region which implies relatively small The time evolution of global and regional tree cover area fraction is shown in Figure. 2 We have 246 fitted the tree cover fraction of LCC to an exponential form:
where f is the fractional area of tree cover; 0
A are constants, t is time in years; and t 1 and 249 t 2 are time scales in years. This exponential fit is applied to tree cover evolution simulated for 250 global, tropical, mid latitude and high latitude regions. Table 1 lists the time scales thus obtained.
251
When tree cover is allowed to recover, we see that the dynamics of tree cover converges faster in 252 tropics (~ 4.5years). In mid latitudes, the dynamics is dominated by a 12 year fast time scale. In 253 the high latitudes, a long time scale of 553 years dictates the evolution of tree cover suggesting that the long time scale in the global tree cover comes from the dynamics of boreal tree cover 255 evolution.
257
To investigate the dynamics in the boreal region further, we plot the key climate and carbon for the longer time scales that is simulated for the high latitudes (Fig. 3) 
264
The spatial pattern of temperature change in LCC relative to control averaged over the last 100 265 years shows that the significant changes are seen in high latitudes (Fig. 4) intercomparision of multiple models in the future will be required to investigate robustness in the 377 behaviour climate system.
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